We prove the existence of bound entangled states with negative partial transpose (NPT) The basic issue on the classification of mixed state entanglement at least on the level of bipartite systems solely depends upon whether there exist bound entangled states or not. The existence of PPT-bound (PPT means positive partial transpose) entangled states [1] and also the existence of NPT N−copy undistillable states [2, 3] for every positive integer N naturally indicates there may exist NPT-bound entangled states. In this work we are able to show the existence of NPT-bound entangled states with a simple assumption on Schmidt rank two states. We first briefly describe the issue and the importance of the problem.
states out of certain pair of mixed entangled states using only local operation and classical communications (LOCC) [6] . But entanglement of a state is not always sufficient for distillability. The Peres-Horodecki criterion [7] namely the partial transpose corresponding to any bipartite system gave us a necessary condition for distillability of any entangled state. If a bipartite density operator have positive partial transpose then it is not distillable. Further any PPT-state may be classified into two classes, separable and PPT-bound entangled states (bound entangled states means no entanglement can be extracted from them by LOCC, i.e., not distillable). There exist PPT-bound entangled states [1] . But are all NPT-states which are necessarily entangled, distillable [8] ? Until this time there is no answer. Independently, Divincenzo et.al [2] and Dür et.al [3] and also recently Somshubhro et.al [9] gave some evidence for N−copy undistillable states. Watrous [10] further investigated the problem of distillability with large number of copies of some entangled states. Here we show that NPT-bound entangled states exist for any bipar-
system if we consider a simple assumption on Schmidt rank two states. Our proof is based on some bounds of rank two states that are not closed in [3] . Obviously they belong to the classes as suggested earlier.
With the existence of NPT-bound entangled state it is also proved that the distillable entanglement is nonadditive and not convex [11] . It should be noted that by distillable entanglement [6, 12] of a bipartite state we mean how much pure maximally entangled states we can extract asymptotically by means of LOCC from several copies of that state. Now, by definition of bound entanglement, every bound entangled state, whether NPT or PPT, has zero distillable entanglement. In [11] , Shor et. al showed that distillable entanglement of tensor product of two states, one PPT-bound entangled state (formed by pyramid UPB) and another conjectured to be NPT-bound entangled state(which we shall prove really NPT-bound entangled) is nonzero. Which proves the nonadditivity and non-convexity of distillable entanglement. Also, it constitutes another example that PPT-bound entangled states can be used in the activation process [11, 13, 14] .
Before going to prove our result, we mention the notion of distillable states on any bipartite system described by the joint Hilbert space
Definition [2, 3, 11] .-A density matrix ρ is distillable if and only if there exists a positive integer n such that
for any Schmidt rank two state |ψ ∈ (H A ⊗ H B ) ⊗n , where T A represents partial transpose with respect to the system A.
To prove the existence of NPT-bound entangled state, we first consider
Werner class that are one copy undistillable [2, 3, 11] .
where
< λ ≤ 1 is NPT-bound entangled, where, {|0 , |1 , |2 · · ·} is an orthonormal basis on the Hilbert space H A (H B ).
For
the state is separable. The state is one copy undistillable [2, 3, 11] . We have to prove, it is n-copy undistillable for any n.
To prove the result we consider first the partial transpose of the given state ρ(λ). The partial transpose of the state with respect to system A is,
In the sequel we write P + = i P (|ii ). Now we state our basic assumption which seems to be correct for any Schmidt rank two states.
Assumption.-Any Schmidt rank two state |ψ in (H
⊗2 has expectation value greater than one with the operator I AB ⊗ P + AB will be of the form |χ A φ B ⊗ |ψ This simple assumption on Schmidt rank two states readily gives us the following bounds that are not present in [3] .
Firstly, using the maximum bounds on I AB ⊗ P + AB [3] we have, for any Schmidt rank two states |ψ in (H A ⊗ H B ) ⊗2 ,
Clearly, with this bound it is now easy to check that for any Schmidt rank two states |ψ in (H
i.e., ρ(λ) is two copy undistillable. Now our assumption immediately generalizes the corresponding form of Schmidt rank two states in (H A ⊗ H B ) ⊗k that has expectation value greater than one with (I AB ) ⊗(k−1) ⊗ P + AB , for any k ≥ 2. The first k − 1 must be product and last one a Schmidt rank two state in (H A ⊗ H B ). With this result we have a sequence of bounds for any Schmidt rank two states in (H A ⊗ H B ) ⊗k where k ≥ 2.
Proceeding in this way we have for any m < k + 1,
Using this bounds it is now easy to check that for any Schmidt rank two states |ψ in (
i.e., ρ(λ) is n-copy undistillable for any n. So, the conjectured class of Werner states represented by ρ(λ) is a class of bound entangled states with negative partial transpose. To summarize our results, we find a large class of NPT-bound entangled states of any bipartite systems d × d, d ≥ 3 with an assumption made on Schmidt rank two states. The key role plays here the bounds what we have found for any rank two states. They belong to the family conjectured independently in [2, 3] . Their existence readily solves the problem of classification of states at least at bipartite level, i.e., whether a state is either separable or bound entangled (PPT or NPT) or distillable. There are always some confusion regarding distillabilty when a bipartite state is NPT. Now we can classify them with bound and free entanglement even in the NPT level. Also it is now clear that the distillable entanglement is neither additive nor convex.
Comment. We have started the problem since the year, late 2003. Sometimes we felt, we have solved the problem, after that we found the proof is not complete yet. Recently (last 8-10 months) we found some bounds by which the problem can be solved. We found them through some requirements of some operators to maintain positivity. However that proof is not most general one. Then we look upon the problem in reverse order using those bounds and found some assumptions that we have mentioned in our paper. After observing the paper quant-ph/0608250, we felt to put our work into the net also.
